Abstract: N-n-Octylaniline in xylene was used for the extraction separation of antimony(III) from hydrochloric acid media. Antimony(III) was extracted quantitatively with 10 mL 4 % N-n-octylaniline in xylene. It was stripped from the organic phase with 0.5 M ammonia and estimated photometrically by the iodide method. The effect of metal ion, acid, reagent concentration and various foreign ions was investigated. The method affords binary and ternary separation of antimony(III) from tellurium(IV), selenium(IV), lead(II), bismuth(III), tin(IV), germanium(IV), copper(II), gold(III), iron(III) and zinc(II). The method is applicable for the analysis of synthetic mixtures, alloys and semiconductor thin films. It is fast, accurate and precise.
INTRODUCTION
Antimony it is commonly found in copper, silver and lead ores. The abundance of antimony in the earth's crust is 0.20 ppm.
Antimony and its compounds are industrially important because of their usefulness in the manufacture of alloys, paints, paper, plastics, textiles, glass, clay products and rubber. In recent years high purity antimony has been used in the production of the semiconductor compound indium antimonide and in the formulation of bismuth telluride type compound used for thermoelectric applications.
The determination of antimony species is fundamental in environmental and clinical studies because of its implications for human health. Also its toxicity and biological behaviour depend on its oxidation state. Although antimony is a potentially significant element for plants, it does not have any known essential function in animals. On the contrary, its toxicity has been demonstrated. However, a systemic antimonial therapy is still recommended for multiple lesions caused by human leishmaniasis (kala azar or black fever) disease. As pentavalent antimonials are much less toxic than the trivalent antimonials, they are used for this type of therapy. Hence the separation and determination of antimony(III) is of analytical importance.
High molecular weight amines (HMWA ) have been used for the extraction of antimony(III). The bromo complex of antimony(III) was extracted with 3 % trioctylamine in isobutyl methyl ketone (MIBK) 1 and determined by the AAS technique. The extractability of antimony(III) and (V) with tridodecylamine from various aqueous solutions has been reported. 2 It was found that a high concentration of acid was required for extraction. Antimony(III) and (V) were quantitatively extracted with 1 % capriquat in xylene from 0.1 M potassium iodide and 0.5 M sulphuric acid solution. This method was applied for the determination of antimony from plant materials. 3 Octyltrimethylammonium chloride in chloroform was used for the extraction of antimony(V). A metal:ligand ratio of 1:1 was investigated. 4 LIX 1104 SM reagent was found to be an effective extractant for antimony(III) from sulphuric acid solution. 5 The extraction reaction was exothermic. The co-extraction of arsenic and iron were minimized by high antimony loading in the organic phase.
Various organophosphorus compounds have been found to be sensitive for the extraction of antimony(III). Antimony(III) was selectively extracted from halide solutions into tris-(2-ethylhexyl) phosphate dissolved in xylene. 6 This method was applied for the separation of antimony(III) from lead, gold, tellurium in the analysis of real samples. The solvent extraction and ion exchange methods were used for the removal of antimony from copper sulfate-sulfuric acid solution using 2EHAPO 4 as the extractant. 7 Bismuth and arsenic were separated from antimony by using LIX 1104 SM, 2EHAPO 4 , tributyl phosphate(TBP), DPPP, DBBP, KELEX 100. The methods were employed for the analysis of copper refinery electrolytes. 8 The solvent extraction of antimony(III) from aqueous hydrochloric acid by bis-(2,4,4-trimethylpentyl) phosphinodithioic acid (cyanex 301) in kerosene + 10 % (v/v) n-decanol was investigated. 9 Quantitative extraction of antimony(III) was observed in 0.1-1.0 M sulfuric acid and 0.1-2.0 M hydrochloric acid with 8.5´10 -2 M Cyanex 302 in toluene. 10 This method was successfully applied to a real sample. A review of the extractants used for the recovery of antimony from copper electrolyte has been presented. The extractants used for this process were TBP, an ester of phosphoric acid, mono-(2-ethylhexyl)) phosphoric acid, D2EHPA acid and mono-(iso-octadecyl) phosphoric acid, DS-5834, esters of alkylphosphnic acids, trialkylphosphine oxide, Cyanex 923, hydroxamic acids, LIX 1104, alcohols (2-ethylhexanol and others), hydrophobic diols and alkylpolyphenols. 11 2-Ethylhexyl-phosphonic acid mono-2-ethylhexyl ester was used as an extractant for antimony(III) from 0.1 M hydrochloric acid media. 12, 13 The method was applied for the separation of metal ions from commonly associated ions and real samples. The solvent extraction of antimony(III) from aqueous acid media was investigated using tri-n-octylphosphine oxide (TOPO) in toluene. 14 However EDTA, Te(IV), Sn(II) interfered. Triphenylphosphine oxide (TPPO) in toluene was used for the extraction of antimony(III) from 2-2.5 M hydrochloric acid media. 15 Tellurium(VI), Son(II) and EDTA interfered.
Ethyl ether, 16 diisopropyl ether 16 and ethyl acetate 17 were used as extractants for antimony(V) from hydrochloric acid solution. Under these conditions, Fe(III) was co-extracted, while Sn(II), Cd(II) and Co(II) were moderately extracted.
A novel extractactant, N-n-octylaniline, has been used in our Laboratory as an extractant for the extraction separation of some platinum group metals (PGMs). [18] [19] [20] [21] An extension of this work has shown that N-n-octylaniline could also be used for the extraction separation of antimony(III) from chloride media. This method is rapid and provides separation of antimony(III) from tellurium(IV), selenium(IV), lead(II), bismuth(IV), tin(IV), germanium(IV), copper(II), gold(III), iron(III) and zinc(II).
EXPERIMENTAL

Apparaturs
An Elico digital spectrophotometer (model SL-171) with 1 cm quartz cells was used for the absorbance measurements. pH measurements were carried out using a Elico digital pH meter model LI-120.
Reagents
Antimony(III) solution. A stock solution was prepared by dissolving 0.468 g of pure (99.9 %) antimony trichloride (s.d. Fine Chemical Ltd.) in 6 M hydrochloric acid and diluting to 250 mL in a standard flask to give 1 mg/mL Sb(III) concentration. The solution was standardized volumetrically using the potassium bromate method. 22 The working solution was prepared by appropriate dilution of the stock solution with 0.1 M hydrochloric acid.
N-n-octylaniline. A 4 % (v/v) solution of N-n-octylaniline 23 dissolved in xylene was used as an extractant.
Potassium iodide (40 % solution). Potassium iodide (40 g) was dissolved in 100 mL distilled water. Ascorbic acid (2 % solution) . Ascorbic acid (2 g) was dissolved in 100 mL distilled water. Sulphuric acid (1:1) . An equimolar concentration of sulphuric acid and water was prepared.
General extraction procedure
An aliquot of a solution containing antimony(III) (300 mg) was pipetted into a 25 mL volumetric flask. To this, a sufficient amount of concentrated hydrochloric acid was added to give a final acid concentration of 3.0 M. The final volume of the solution was made up to 25 mL with distilled water. Then the solution was transferred to a 125 mL separating funnel. Then 10 mL of 4 % N-n-octylaniline in xylene was added and the mixture was shaken for 1 min. The two layers were allowed to separate and the aqueous layer was discarded. Antimony(III) from the organic phase was stripped with two 10 mL portions of 0.5 M ammonia. Antimony(III) from the aqueous phase was determined spectrophotometrically as its complex with iodide 24 at 425 nm. The amount of antimony(III) was computed from the calibration curve.
RESULTS AND DISCUSSION
Effect of acidity
The extraction of 300 mg of antimony(III) was carried out from different acid media with 4 % N-n-octylaniline in xylene keeping the aqueous to organic volume ratio constant at 2.5:1. The extraction was found to be quantitative from 2.5 to 4 M hydrochloric acid but on increasing the concentration of hydrochloric acid further, the percentage extraction of antimony was found to decrease ( Fig. 1) . Moreover, the extraction from sulfuric acid (71.00 %), perchloric acid (69.52 %), hydrobromic acid (81.06 %) were incomplete and from nitric acid medium emulsion formation was observed.
Extraction as a function of N-n-octylaniline concentration
Antymony(III) was extracted over the acidity range 0.5-10 M hydrochloric acid with various concentrations of N-n-octylaniline. The reagent concentration was varied from 0.1 to 4 % (Table I ). It was found that 4 % N-n-octylaniline in xylene was needed for quantitative extraction of metal ion from 2.5 M hydrochloric acid.
Time of equilibration
Variation of the shaking period from 5 s to 20 min showed that an equilibration time of 15 s was adequate for quantitative extraction of antimony(III) from hydrochloric acid media. It was found that the time required for extraction and back extraction of antimony(III) is not specific. In the general procedure, a 1 min equilibration time was recommended in order to ensure complete extraction of the metal ions from hydrochloric acid medium. However, prolonged shaking upto 20 min had no adverse effect on the extraction. 
Effect of stripping agent
Various stripping agents, such as ammonia, sodium hydroxide, potassium hydroxide, acetate buffer solution (pH 5.0), ammonia buffer solution (pH 10.0) perchloric acid and water, were used for the recovery of antimony(III) from the organic extract. It was found that, of all the solutions examined, only ammonia (0.3 to 1.0 M), sodium hydroxide (0.5 to 2.0 M) and potassium hydroxide (0.5 to 2.0 M) were effective in stripping antimony(III) from the organic layer. However, ammonia (0.5 M) is recommended as the stripping agent for antimony(III) because removal of ammonia by evaporation is easier than the removal of the other stripping agents before estimation by the iodide method. 
Extraction with various diluents
The suitability of several diluents, such as benzene, xylene, toluene, amyl alcohol, n-butanol, chloroform, carbon tetrachloride amyl acetate, MIBK and ethylene chloride, for the extraction of antimony(III) from chloride medium using the proposed method was investigated. It was found that a 4 % (v/v) solution of N-n-octylaniline in benzene, xylene, toluene, carbon tetrachloride, MIBK, amyl acetate and ethylene chloride provides quantitative extraction of antimony(III), while the extraction of antimony(III) was incomplete in chloroform (69.5 %), amyl alcohol (71.6 %), n-butanol (63.0 %). The inert solvent xylene is preferred as the diluent, as it provides better phase separation and is less toxic than the other possible extractants. 
Effect of aqueous to organic volume ratio on the extraction
Antimony(III) was extracted from 10 to 250 mL of aqueous 3 M hydrochloric acid medium with 10 mL of 4 % N-n-octylaniline in xylene. The antimony(III) was stripped with 0.5 M ammonia and estimated by the recommended procedure. It was found that the extraction of antimony(III) was quantitative when the aqueous to organic volume ratio was 1:1 to 10:1, while it decreased when the ratio was changed from 10:1 to 25:1. Hence, an aqueous to organic volume ratio of is 2.5:1 is recommended.
Loading capacity of N-n-octylaniline
The concentration of antimony(III) was varied to determine the loading capacity of N-n-octylaniline. The loading capacity of 10 mL of 4 % N-n-octylaniline was found to be 3.5 mg of antimony(III).
Nature of extracted species
The nature of extracted species was ascertained by plotting a graph of log D [Sb(III)] against log c [N-n-octylaniline] for 2.0 and 5.0 M hydrochloric acid media. The obtained slopes of 1.15 and 1.07, respectively, indicate that the metal to amine ratio in the extracted species is 1:1 (Fig. 2) . A possible extraction mechanism appears to be protonation of N-n-octylaniline, whereby cationic species such as [RR'NH 2 + ] are formed while the chloride ions combine with antimony(III) to form anionic species such as [SbCl 4 -]. 25 The probable extracted species is [(RR'NH 2 + ) SbCl 4 -] (org) . The extraction mechanism can be explained as follows: (2) where, R = -C 6 H 5 and R' = -CH 2 (CH 2 ) 6 CH 3 .
Effect of foreign ions
The effect of various foreign ions commonly associated with antimony(III) on the recommended extraction procedure was studied. The criterion for interference was an error of ± 2 %. The tolerance limits for the tested ions are given in Table II . Of the various cations examined, only Se(IV) and Te(IV) interfered, the interference was eliminated by masking with 400 mg fluoride. 
APPLICATIONS
Binary separation of antimony(III) from Te(IV), Se(IV), Pb(II), Bi(III), Sn(IV), Ge(IV), Cu(II), Au(III), Fe(III) and Zn(II)
This method permits the separation of antimony(III) from commonly associated metal ions by taking advantege of the difference in the extraction conditions of the other metal ions and by employing masking agents.
Antimony(III) was separated from Pb(II), Zn(II), Bi(II), Cu(II), and Fe(III) by its extraction with 10 mL of 4 % N-n-octylaniline in xylene from 3.0 M hydrochloric acid medium. Under these conditions Pb(II), Bi(III), Cu(II), Fe(III) and Zn(II) remained quantitatively in the aqueous phase, where they were determined spectrophotometrically with PAR, 24 4'-bromo PTPT 26 4'-chloro PTPT 27 thiocyanate, 28 respectively. Antimony(III) from the loaded organic phase was stripped with two 10 mL portions of 0.5 M ammonia and estimated as per the recommended procedure. presence of 400 mg of fluoride as masking agent. Here antimony(III) is quantitatively extracted into the organic phase, while Te(IV) and Se(IV) remain in the aqueous phase. Antimony(III) from the organic phase was stripped with two 10 mL portions of 0.5 M ammonia and was estimated by the recommended procedure. The aqueous phase containing Te(IV) and Se(IV) was demasked with 2 mL of concentrated hydrochloric acid and the solution was evaporated to moist dryness, Te(IV) and Se(IV) were determined by 4'-bromo PTPT. 29, 30 Similarly, antimoly(III) was separated from Sn(IV), Ge(IV) and Au(III) by extraction with 10 mL of 4 % N-n-octylaniline in xylene from 3 M hydrochloric acid medium in the presence of 200 mg EDTA, 300 mg ascorbic acid and 400 mg thiocyanate as masking agents, respectively. Here antimony is quantitatively extracted into the organic phase, while Sn(IV), Ge(IV) and Au(III) remain in the aqueous phase. Antimony(III) from the organic phase was stripped with 0.5 M ammonia and was estimated by the recommended procedure. The aqueous phases of Sn(IV), Ge(IV) and Au(III) was demasked with 2 mL concentrated hydrochloric acid and solution was evaporated to moist dryness. The moist residue was extracted into dilute hydrochloric acid. Sn(IV), Ge(IV) and Au(III) were determined by the pyrocetechol violet, 24 phenylfluorone 24 and stannous chloride 31 method, respectively.
The recovery of antimony(III) and that of the added ions was > 99.5. The results are given in Table III .
Separation of antimony from multicomponent mixtures
Antimony(III) was separated from Te(IV) and Bi(III) by its extraction with 10 mL of 4 % N-n-octylaniline in xylene from 3 M hydrochloric acid medium in the presence of 400 mg fluoride. Under these conditions, Te(IV) and Bi(III) remain quantitatively in the aqueous phase. Antimony(III) from the organic phase was stripped with two 10 mL portions of 0.5 M ammonia and estimated by the recommended procedure. Tellurium(IV) and Bi(III) in the aqueous phase were demasked with 2 mL of concentrated hydrochloric acid and the solution was evaporated to moist dryness. The aqueous phase was maintained in 7 M hydrochloric acid and then equilibrated with 4 % N-n-octylaniline in xylene. Tellurium(IV) was extracted into the organic phase, while Bi(III) remained in the aqueous phase. The Te(IV) from the organic phase was stripped with 1:1 ammonia and estimate by 4'-bromo PTPT. 29 The Bi(III) from the aqueous phase was estimated by 4'-bromo PTPT. 26 Antimony(III) was separated from Se(IV) and Te(IV) by its extraction with 4 % N-n-octylaniline in xylene from 3 M hydrochloric acid medium in the presence of 400 mg fluoride. Under these conditions, antimony(III) is extracted into the organic phase, whereas Se(IV) and Te(IV) remain quantitatively in the aqueous phase. Antymony(III) from the organic phase was stripped with two 10 mL portions of 0.5 M ammonia and estimated as per the recommended procedure. Se(IV) and Te(IV) in the aqueous phase were demasked with 2 mL concentrated hydro-chloric acid and solution was evaporated to moist dryness. The aqueous phase was maintained in 0.5 M hydrochloric acid and then equilibrated with 4 % N-n-octylaniline in xylene. Selenium(IV) is extracted into the organic phase, while Te(IV) remains in the aqueous phase. The selenium from the organic phase was stripped with 1:1 ammonia and estimated by 4'-bromo PTPT. 30 Tellurium(IV) from the aqueous phase was estimated by 4'bromo PTPT. 29 Antimony(III) was separated from Se(IV) and Cu(II) by its extraction with 4 % N-n-octylaniline in xylene from 3 M hydrochloric acid medium in the presence of 400 mg fluoride. Under these conditions antimony(III) is extracted into the organic phase, whereas Se(IV) and Cu(II) remain quantitatively in the aqueous phase. Antimony(III) from the organic phase was stripped with two 10 mL portion of 0.5 M ammonia and estimated as per the recommended procedure. Se(IV) and Cu(II) in the aqueous phase were demasked with 2 mL concentrated hydrochloric acid and solution was evaporated to moist dryness. The aqueous phase was maintained in 0.5 M hydrochloric acid and then equilibrated with 4 % N-n-octylaniline in xylene. Selenium(IV) was extracted into the organic phase, while Cu(II) remained in the aqueous phase. Selenium(IV) from the organic phase was stripped with 1:1 ammonia and estimated by 4'-bromo PTPT. 30 Copper(II) from aqueous phase was estimated by 4'-chloro PTPT. 27 10 mL portions of 0.5 M ammonia and estimated as per the recommended procedure. Tellurium(IV) and Pb(II) in the aqueous phase were demasked with 2 mL of concentrated hydrochloric acid and the solution was evaporated to moist dryness. The aqueous phase was maintained in 7 M hydrochloric acid and then equilibrated with 4 % N-n-octylaniline in xylene. Tellurium(IV) is extracted into the organic phase, while Pb(II) remains in the aqueous phase. Tellurium(IV) from organic phase was stripped with 1:1 ammonia and estimated by 4'-bromo PTPT. 29 Lead(II) from the aqueous phase was estimated by PAR method, 24 (Table IV) .
Analysis of synthetic mixtures
The proposed method was applied to the extraction and determination of antimony(III) from 3 M hydrochloric acid media from various synthetic mixtures. The results are given in Table V . 
Analysis of real samples
The procedure was used for the determination of antimony(III) in synthetic mixtures corresponding to allays, such as the mineral cylindrite and recording material. The results of the analyses are reported in Table VI. Similarly, the method permits the separation and determination of antimony(III) in gun metal and a tin-based white metal alloys, (Table VII) Procedure for the dissolution of gun metal and the tin-based white metal alloy. 26 A known weight (1 g) of alloy was dissolved in a mixture of 9 mL of concentrated sulfuric acid and 50 mL of water. After the initial reaction was finished, the solution was heated with a 5 mL portion of nitric acid unitl white fumes were observed, boiled to dissolve the soluble matter and finally, filtered to remove matastannic acid. The filtrate was diluted to an appropriate volume. An aliquot of this solution was analysed by the recommended procedure.
Analysis of antimony(III) in semiconductor film. The proposed method was also applied for the determination of antimony(III) in a semiconductor film [CdSb 2 SeO 4 ]. The amount of antimony(III) found in the sample by the proposed method is in good agreement with the certified values (Table VIII) . Procedure for the determination of antimony(III) in semiconductor film. 32 The support with the film was placed in a 50 ml beaker; 5 mL nitric acid (2:1) was added and the film dissolved with moderate heating. When the dissolution of the film was complete, the support was removed and rinsed with doubly-distilled water. The mass of the film was obtained from the difference in the weight of the support before and after dissolution. Quartz glass, insoluble in nitric acid, was used as the support. The obtained solution was treated with 3 mL sulfuric acid (1:1) and evaporated untill the appearance of white fumes. The residue is dissolved in 0.1 M sulfuric acid, transferred to a 25 mL volumetric flask and brought to the mark with doubly distilled water. An appropriate aliquot of this solution was transferred to a 25 mL volumetric flask and the analysis continued as in the determination of antimony(III) by the recommended procedure.
CONCLUSION
The important features of the method described here are that, 1. It permits the selective separation of antimony(III) from other associated metals.
2. It is free from interference from a large number of foreign ions which are often associated with naturally occurring antimony(III).
3. A low reagent concentration is required for the quantitative recovery of antimony(III).
4. The time required for equilibration is very short. 5. The method is applicable to the analysis of real samples, alloys and semiconductor thin films.
6. The determination of antimony in the aqueous medium after back extraction leads to a much simpler procedure.
7. It is very simple, selective, reproducible and rapid, requiring only 25 min for separation and determination.
